ABBREVIATIONS ACoA = anterior communicating artery; AMPAS = A Multicenter Poor-grade Aneurysm Study; aSAH = aneurysmal subarachnoid hemorrhage; AUC = area under receiver operating characteristic curve; CI = confidence interval; GCS = Glasgow Coma Scale; mRS = modified Rankin Scale; OR = odds ratio; WFNS = World Federation of Neurosurgical Societies. OBJECTIVE An increasing number of patients with poor-grade aneurysmal subarachnoid hemorrhage (aSAH) have received endovascular treatment. Endovascular treatment of poor-grade aSAH, however, is based on single-center retrospective studies, and predictors of long-term outcome have not been well defined. Using results from a multicenter prospective registry, the authors aimed to develop preoperative and postoperative prognostic models to predict poor outcome after endovascular treatment of poor-grade aSAH. METHODS A Multicenter Poor-grade Aneurysm Study (AMPAS) was a prospective and observational registry of consecutive patients with poor-grade aSAH. From October 2010 to March 2012, 366 patients were enrolled in the registry, and 136 patients receiving endovascular treatment were included in this study. Outcome was assessed by modified Rankin Scale (mRS) score at 12 months, and poor outcome was defined as an mRS score of 4, 5, or 6. Prognostic models were developed in multivariate logistic regression models. The area under receiver operating characteristic curves (AUC) was used to assess the model's discriminatory ability, and Hosmer-Lemeshow goodness-of-fit tests were used to assess the calibration. RESULTS At 12 months, 64 patients (47.0%) had a poor outcome: 9 (6.6%) had an mRS score of 4, 6 (4.4%) had an mRS score of 5, and 49 (36.0%) had died. Univariate analyses showed that older age (p = 0.001), female sex (p = 0.044), lower Glasgow Coma Scale score (p < 0.001), a World Federation of Neurosurgical Societies (WFNS) grade of V (p < 0.001), higher Fisher grade (p < 0.001), modified Fisher grade (p < 0.001), and wider neck aneurysm (p = 0.026) were associated with a poor outcome. There was a trend toward a worse outcome in patients with anterior communicating artery aneurysms (p = 0.080) and in those with incompletely occluded aneurysms (p = 0.063). After endovascular treatment, the presence of cerebral infarction (p = 0.039), symptomatic vasospasm (p = 0.039), and pneumonia (p = 0.006) were associated with a poor outcome. Multivariate analyses showed that the preoperative prognostic model including age, a WFNS grade of V, modified Fisher grade, and aneurysm neck size had excellent discrimination with an AUC of 0.86 (95% CI 0.80-0.92, p < 0.001), and a postoperative model that included these predictors as well as postoperative pneumonia had excellent discrimination (AUC = 0.87, 95% CI 0.81-0.93, p < 0.001). Both models had good calibration (p = 0.941 and p = 0.653, respectively). CONCLUSIONS Older age, WFNS Grade V, higher modified Fisher grade, wider neck aneurysm, and postoperative pneumonia were independent predictors of poor outcome after endovascular treatment of poor-grade aSAH. The preoperative model had almost the same discrimination as the postoperative model. Endovascular treatment should be carefully considered in patients with poor-grade aSAH with ruptured wide-neck aneurysms. ■ CLASSIFICATION OF EVIDENCE Type of question: prognostic; study design: retrospective cohort trial; evidence: Class I.
A neurysmAl subarachnoid hemorrhage (aSAH) is a devastating condition that is associated with high rates of morbidity and mortality. Patients with poor-grade aSAH have high risks of aneurysm rebleeding and cerebral vasospasm. Aggressive surgery has been proposed to improve outcomes in selected patients. 1, 4, 7, 8, 22 In recent decades, endovascular coiling has provided a viable alternative to surgical treatment for aSAH. Case series showed that early endovascular treatment of poorgrade aSAH is a feasible and reasonable option, 2, 3, 23 and an increasing number of patients with poor-grade aSAH have received endovascular treatment. 5, 15, 19, 20 Predicting outcome after endovascular treatment of poor-grade aSAH may be helpful in determining which patients benefit from endovascular treatment and for informing the family about prognosis.
A few studies have reported prognostic models focused on surgical treatment of poor-grade aSAH. 9, 14, 28 However, endovascular treatment for poor-grade aSAH is based on single-center retrospective studies. Predictors of outcome after endovascular treatment are not well defined. 15 Using data from A Multicenter Poor-grade Aneurysm Study (AMPAS) we developed preoperative and postoperative prognostic models to predict poor outcome at 12 months.
Methods

Study Design and Patient Population
The AMPAS study was a prospective, multicenter, observational registry of consecutive patients who presented with poor-grade aSAH. (AMPAS study investigators are listed in an Appendix.) The study protocol was approved by the Chinese Ethics Committee of Registering Clinical Trials and was published elsewhere. 26 All informed consent was obtained from the patient's legal representative. Poor-grade aSAH was defined as a World Federation of Neurosurgical Societies (WFNS) grade of IV or V. From October 2010 to March 2012, 366 patients were treated at tertiary referral hospitals (more than 150 aSAH cases per year) with expertise in aneurysm coiling and clipping, and 143 patients received endovascular treatment. In this report, 136 patients (95.1%) who presented with poor-grade aSAH at the time of treatment were included and 7 were excluded because they experienced neurological improvement from an initial poor grade (WFNS grade of IV or V) to a good grade (WFNS grade of I-III) after resuscitation.
Clinical Treatment Protocol
All patients were initially managed in the emergency room. Treatment protocol included aggressive resuscitation, early CT angiography or cerebral angiography, multidisciplinary team consultation, early aneurysm treatment, and intensive critical care treatment. [25] [26] [27] The multidisciplinary team consisted of vascular neurosurgeons, neurointerventionists, and anesthetists. Endovascular treatment was considered in patients with ruptured aneurysms whose characteristics were suitable for coiling or could not be successfully treated with clipping, or in those with posterior circulation aneurysms. Stent-assisted coiling or balloon-assisted coiling was considered in patients with wide-neck aneurysms (neck size ≥ 4 mm or dome-neck ratio ≤ 2) or dissecting aneurysms. Aspirin-clopidogrel therapy was prescribed according to individual institutional standards. External ventricular drainage was considered in patients with acute hydrocephalus or severe intraventricular hemorrhage before or after treatment. All patients were transferred to the intensive care unit, and they received standard management for vasospasm with nimodipine, hypervolemia, and induced hypertension.
Data Collection and Definitions
We prospectively collected the following data: patient age, sex, medical history, Glasgow Coma Scale (GCS) score and WFNS grade, Fisher grade and modified Fisher grade, intraventricular hemorrhage, radiographic vasospasm, aneurysm characteristics, timing of treatment, procedural record and final angiographic results, postoperative external ventricular drain placement, and major complications during hospitalization. Imaging findings were defined as the last radiological examination images before treatment. The time of treatment was defined as the interval between the time of the onset of the poor clinical status and the time of aneurysm treatment. Immediate angiographic occlusion was assessed using Raymond grade determined by the neurointerventionist at each center, and complete occlusion was defined as a Raymond grade of I.
Outcome Measures
Clinical outcome at 12 months was assessed by inde- pendent neurosurgeons using the modified Rankin Scale (mRS). In view of the high rates of morbidity and mortality in patients with poor-grade aSAH, poor outcome was defined as an mRS score of 4 or 5, or death (6). Angiographic follow-up at 6 or 12 months was recommended but not required at each center.
Statistical Analysis
Statistical analysis was performed using SPSS (version 22.0., IBM). Differences in initial angiographic results, postoperative complications, and clinical outcomes were compared between patients with a WFNS grade of IV and those with a WFNS grade of V using a chi-square or Fisher's exact test. Associations between clinical variables and poor outcome were assessed using univariate logistic regression analysis. Any variables with missing values ≥ 5% were not included in the analysis. All variables with a p value ≤ 0.05 in univariate analysis were entered into the multivariate logistic regression analysis. A preoperative prognostic model (including baseline variables) and a postoperative model (baseline variables plus postoperative compilations) were developed to identify independent predictors of a poor outcome in the multivariate regression models using the backward logistic regression method. The area under receiver operating characteristic curve (AUC) was used to test the model's prediction ability. An AUC of 0.70-0.79 was regarded as good discrimination, and an AUC of 0.80-0.89 was regarded as excellent discrimination. The calibration of the prognostic model was assessed by a Hosmer-Lemeshow goodness-of-fit test, and a p value > 0.30 was regarded as good calibration. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. A p value < 0.05 was considered statistically significant.
Results
Patient Characteristics
Baseline characteristics of the 136 patients are presented in Table 1 . The median time of treatment was 24 hours after poor-grade aSAH (range 0-35 days). One hundred one patients (74.3%) were treated within 72 hours. Thirty-five patients (25.7%) were treated after 72 hours: 22 (16.2%) were treated between after 72 hours and 7 days, 5 (3.7%) treated between 8 and 10 days, 3 (2.2%) treated between 11 and 14 days, 2 (1.5%) treated between 15 and 21 days, and 3 (2.2%) treated after 21 days. Of the 101 patients, 69 (68.3%) received treatment within 24 hours.
Immediate Angiographic Results
Immediate angiographic results are presented in Table  2 . Initial complete occlusion was observed in 73 patients (86.9%) with a WFNS grade of IV and in 45 (86.5%) with a WFNS grade of V, which was not a statistically significant difference.
Medical Postoperative Complications
Major complications are presented in Table 2 . There were significant differences in rates of cerebral infarction (p = 0.023) and pneumonia (p = 0.005) between patients with a WFNS grade of IV and those with a WFNS grade of V. There were trends toward increased risks of symptomatic vasospasm (p = 0.066) and hydrocephalus (p = 0.095) in patients with a WFNS grade of V.
Long-Term Clinical Outcomes
Outcomes at 12 months are presented in Table 2 . Nine patients (6.6%) had an mRS score of 4, 6 (4.4%) had an mRS score of 5, and 49 (36.0%) had died. Fifty-nine patients (43.4%) had an mRS score of 0 or 1, and 64 (47.0%) had a poor outcome (mRS score 4-6). The outcomes in patients with a WFNS grade of V were worse than those in patients with a WFNS grade of IV (p < 0.001).
Univariate Analyses for Predictors of a Poor Outcome
Results of the univariate analysis for poor outcome are presented in Table 3 . Older age (p = 0.001), female sex (p = 0.044), lower GCS score (p < 0.001), a WFNS grade of V (p < 0.001), higher Fisher grade (p < 0.001) and modified Fisher grade (p < 0.001), and wider neck aneurysm (p = 0.026) were associated with a poor outcome. There was a trend toward a worse outcome in patients with anterior communicating artery (ACoA) aneurysms (p = 0.080) and in those with incompletely occluded aneurysms (p = 0.063). After endovascular treatment, presence of cerebral infarction (p = 0.039), symptomatic vasospasm (p = 0.039), and pneumonia (p = 0.006) were associated with a poor outcome.
Multivariate Analyses for Predictors of a Poor Outcome
Multivariate regression models for prediction of poor outcome at 12 months are presented in Table 4 . Older age (p = 0.006), a WFNS grade of V (p < 0.001), higher modified Fisher grade (p < 0.001), wider neck aneurysm (p = 0.028), and presence of pneumonia (p = 0.032) were independent predictors of poor outcome. The preoperative prognostic model including age, a WFNS grade of V, modified Fisher grade, and aneurysm neck size showed excellent discrimination with an AUC of 0.86 (95% CI 0.80-0.92, p < 0.001). The postoperative prognostic model (AUC = 0.87, 95% CI 0.81-0.93, p < 0.001) had almost the same discriminatory performance as the preoperative model (Fig. 1) . Preoperative and postoperative prognostic models had good calibration (p = 0.941 and p = 0.653, respectively).
Discussion
This is a prospective, multicenter observational study of consecutive patients who received endovascular treatment. The data set is representative of the current endovascular practice in high-volume centers. Most patients underwent treatment within 72 hours of poor-grade aSAH, especially within 24 hours. The preoperative prognostic model including older age, WFNS grade of V, higher modified Fisher grade, and ruptured wider neck aneurysm, or the postoperative model including these factors as well as postoperative pneumonia, showed excellent discrimination. Both of the modes had good calibration.
Early treatment or ultra-early treatment for poor-grade aSAH has been increasingly advocated but remains contro-versial. 13, 16, 17, 24, 25, 27 Ultra-early surgery has not been widely used for the treatment of poor-grade aSAH, probably because of difficulties in addressing brain swelling from severe hemorrhage, difficult dissection, and periprocedural complications. 16, 28 However, we found that most patients underwent ultra-early endovascular treatment in our study. This finding may suggest that the advent of endovascular therapy may allow ultra-early treatment for poor-grade aSAH. The possible reason is that endovascular treatment has fewer technical limitations related to brain swelling and these limitations do not affect the technical aspects of the procedure. 10 Endovascular treatment can also be performed in continuity with the initial angiography and requires less time for treatment. The outcome is in agree- ACA = anterior cerebral artery; AChA = Anterior choroidal artery; ICA = internal carotid artery; MCA = middle cerebral artery; OphA = ophthalmic artery; PCoA = posterior communicating artery. * All data given as value (%) unless otherwise indicated.
ment with current studies showing that endovascular treatment results with a good outcome in 37.1%-56.9% of patients with poor-grade aSAH. 15, 19, 20 Major improvements in endovascular technology and neurointensive critical care may have contributed to improve outcomes. In addition, the multidisciplinary consensus may allow for improved patient selection, providing a high rate of complete occlusion of the aneurysm and good outcome.
We found that older age, a WFNS grade of V, higher modified Fisher grade, wider neck aneurysm, and presence of postoperative pneumonia were independent predictors of poor outcome. Patient age, WFNS grade, and thick cisternal and ventricular blood after aSAH have been wellknown risk factors for outcome. 5, 11, 14, 15, [19] [20] [21] Patients with wider neck aneurysms were more likely to have a poor outcome. The underlying mechanism of this association is unclear but might be explained by lower rates of complete occlusion of wide-neck aneurysms. 12 The incomplete occlusion of aneurysms increases the risk of postoperative rebleeding. 6, 18 Our results also showed that there was a trend toward a worse outcome in patients with incompletely occluded aneurysms, probably due to rebleeding. Although neurovascular stents are increasingly used safely in the treatment of unruptured wide-neck aneurysms, 12 the safety of endovascular coiling for ruptured wide-neck aneurysms requires further study. Therefore, the endovascular treatment of these aneurysms is challenging. These results may suggest that poor-grade wide-neck aneurysms may be considered for surgical clipping, which remains an important treatment modality for aneurysms in the endovascular era. These findings may also indicate that the development and application of new endovascular technology is needed to improve the complete occlusion rate of these aneurysms. In addition, preventing and aggressively treating postoperative pneumonia may help improve outcomes in patients with poor-grade aSAH.
One strength of our study lies in the fact that these pre- dictors were derived from a large number of patients with poor-grade aSAH in a prospective multicenter registry. Standard neurological scales, outcome assessment scores, and risk factors were systematically collected from all sites. We found limited added value of postoperative complications for the prediction of poor outcome when compared with the preoperative model that included older age, a WFNS grade of V, higher mRS score, and wider neck aneurysms. It does not mean that postoperative complications are not important; instead, due to the lack of a more effective treatment of cerebral infarction, symptomatic vasospasm may cause the limited value of our prediction. In addition, our recent study determined the predictors of outcome after surgical clipping within 72 hours. 25 The predictors of outcome in patients after surgery within 72 hours were almost the same as those in all patients treated with surgical clipping. 28 These predictors of outcome after coiling or clipping might apply to all patients treated at different time intervals. To the best of our knowledge, this is the first study focused on predictors of poor outcome after endovascular treatment of poor-grade SAH using a multicenter prospective study. However, our study has some limitations. First, treatment decisions were evaluated by a multidisciplinary team, and selected patients treated with endovascular treatment may result in a better outcome. Second, available information is insufficient to adequately compare outcome between early and delayed treatments because most patients were treated within 72 hours of poor-grade aSAH. The optimal timing of endovascular treatment is still uncertain and requires further study. Third, aneurysm neck size was independently associated with poor outcome. Unfortunately, we could not find an optimal cutoff value of the size of the aneurysm neck, nor could we find convincing results regarding the alternative repair strategies using the data on endovascular treatment of poor-grade aSAH. In addition, long-term imaging follow-up was not required, and these imaging results may also affect outcome. Nevertheless, the prognostic model is useful for designing randomized controlled trials and for stratification and covariate adjustment. These predictors may also guide clinicians and families in their assessment of the prognosis before endovascular treatment of poor-grade aSAH.
Conclusions
Our results showed older age, WFNS grade of V, higher modified Fisher grade, wider neck aneurysms, and postoperative pneumonia were independent predictors of poor outcome after endovascular treatment of poor-grade aSAH. The preoperative model had almost the same discrimination as the postoperative model. Further improvement of endovascular treatment of ruptured wide-neck aneurysms may help improve outcome after poor-grade aSAH. However, endovascular coiling should be carefully considered in patients with poor-grade aSAH and wideneck aneurysms, and pneumonia should be aggressively managed to improve patient outcome. 
